In the present study, a simple strategy based on solid-phase extraction (SPE) with a cation exchange sorbent (Finisterre SCX) followed by fast high-performance liquid chromatography (HPLC) with diode array detection coupled with chemometrics tools has been proposed for the determination of methamphetamine and pseudoephedrine in ground water and river water. At first, the HPLC and SPE conditions were optimized and the analytical performance of the method was determined. In the case of ground water, determination of analytes was successfully performed through univariate calibration curves. For river water sample, multivariate curve resolution and alternating least squares was implemented and the second-order advantage was achieved in samples containing uncalibrated interferences and uncorrected background signals. The calibration curves showed good linearity (r 2 > 0.994).The limits of detection for pseudoephedrine and methamphetamine were 0.06 and 0.08 mg/L and the average recovery values were 104.7 and 102.3% in river water, respectively.
Introduction
The growing use of pharmaceuticals worldwide has awakened great concern among scientists in the last few years (1) . Illicit drugs such as opioids, cocaine, cannabis, amphetamine-type stimulants (ATSs) and their metabolites have also been recently recognized as environmental emerging organic contaminants. These compounds have become pseudo-persistent in the environment due to their high volumes of production and use. Following consumption, drugs of abuse and their metabolites are continuously released into the aquatic environment due to their insufficient elimination in sewage treatment plants (STPs) and then enter ground water resources, sediment and biota (2, 3) . Therefore, the assessment of their concentrations in different environmental compartments is essential to evaluate their potential ecotoxicological effects. This can also be a valuable tool to estimate the consumption of illicit drugs by a local population (4) .There has been a great focus in the literature on method development for drug usage estimation and environmental monitoring of methamphetamine (MET) and amphetamine (AM), as the most important ATSs (5) . Pseudoephedrine (PSE) is the most common starting material for clandestine MET synthesis. These compounds can also enter into the water environment via manufacturing in clandestine laboratories (6) .
In recent years, several authors have developed analytical methodologies to determine ATSs and their metabolites in water matrices (4, 5, 7 -20) . Most of them have been based on a solid-phase extraction (SPE) step followed by liquid chromatography coupled to tandem mass spectrometry (LC -MS-MS). SPE benefits from clear advantages such as high enrichment factor, robustness, etc. But, in many applications, it suffers from a limited selectivity, so matrix components could lead to signal suppression in LC -MS measurements and even unreliable results in critical situations (21) . Also, SPE followed by gas chromatography with tandem mass spectrometry (GC -MS-MS) has been used for the determination of selected illicit drugs in water samples (4) .
In fact, one of the main challenges in the analysis of complex water samples through sample preparation steps such as SPE or SPME is co-extraction of interfering compounds present in sample matrix, as well as humic and fulvic acids during extraction step. Then, poor chromatographic resolution or partial peak separation between matrix constituents and the compounds of interest often occurs. In these cases, the analytes of interest can be quantified through univariate calibration by changing the experimental conditions such as optimization of mobile phase condition to longer run times or using an organic modifier in the mobile phase (22) . However, these involve spending time and resources and the final optimized conditions strongly depend on the sample matrix. Also there is no guarantee to ensure the complete analyte resolution. A recent alternative to solve this problem can be the possibility of quantification of analytes in the presence of unknown interference, the property which is called second-order advantage (23) . This property can be achieved through different multiway and multiset analysis of several second-order data obtained through hyphenated chromatographic systems (24) .
Among different second-order models, such as generalized rank annihilation method (GRAM) (25) , alternating trilinear decomposition (ATLD) (26) , self-weighted alternating trilinear decomposition (SWATLD) (27) , parallel factor analysis (PARAFAC) (28), PARAFAC2 (29) , bilinear least squares (BLLS) (30) , unfolded partial least squares/residual bilinearization (U-PLS/RBL) (31) and multivariate curve resolution alternating least squares (MCR-ALS) (32, 33) ,the last one is an excellent curve resolution method which allows the efficient resolution of coeluting peaks without the need for developing a selective sample preparation strategy for each analyte. A prominent feature of this method is capability of modeling hyphenated chromatographic data in case of retention time shift between chromatograms. This method has been used successfully for the analysis of environmental data in recent years (34 -39) .
In the present work, PSE and MET were determined in ground water using an optimized SPE procedure on a silica based cation exchange sorbent by conventional univariate methodology.
Then, the possibility of using MCR/ALS method for resolution and quantification of the mentioned illicit drugs in river water and without the need for background correction step was investigated. Indeed, the fast elution strategy selected for the analyses caused significant coelution of the analytes with the highly drifted background which was resolved successfully.
Experimental
Reagents and chemicals High performance liquid chromatography (HPLC)-grade methanol (MeOH), acetonitrile (ACN), ethyl acetate (EA) and acetone (AC) were from Merck (Germany). Sodium chloride, potassium di-hydrogen phosphate, di-potassium hydrogen phosphate, hydrochloric acid (37%), ammonium solution (32%) and phosphoric acid (85%) which were used in sample preparation and pH adjustment, were all analytical reagent quality from Merck. Ultrapure water was obtained from a Milli-Q water purification system from Millipore (USA). Standards of PSE and MET hydrochloride (98%) were kindly provided from research centre of antinarcotics police of Iran. For each analyte, the 0.5 mg/L stock solution was prepared in methanol and stored at 2208C. Mixed working solutions containing two target analytes were prepared by diluting the standard solutions with methanol:water (1:1). The above solutions were stored in the dark at 48C and were filtered through membrane Nylon filters (0.20 mm pore size) before injection into the chromatographic system.
Filter reservoirs and polystyrene -divinylbenzene cartridges, BondElut-ENV (6 mL, containing 500 mg of sorbent) were purchased from Varian (USA) and silica based cation exchanger cartridges, Finisterre SCX (3 mL, containing 500 mg of sorbent) were provided from Technochroma (Korea).
Chromatographic instrumentation
An Agilent Technologies 1200 Series system with a HewlettPackard 1200 series photo diode-array detector (DAD) was used for quantitative analysis. The system was equipped with a Rheodyne 7725 manual injector with a 50 mL injection loop, a degasser system, a quaternary pump, a column oven and a Bonus-RP column (15 Â 0.46 cm, 5 mm particle size). The whole chromatographic system was controlled by Chemstation software for LC 3D ver. B.03.01 running on a personal computer. HPLC instrument setup and software were from Agilent technologies Inc. (USA). An isocratic mobile phase composition consisting of phosphate buffer ( pH ¼ 7.5) -acetonitrile (65:35, v/v), was optimized and implemented for all analysis. The flow-rate of the mobile phase and injection volume were 1.0 mL/min and 50 mL, respectively. The solvents were filtered daily through a 0.2 mm Nylon membrane filter before use. The total run time was 3 min. The column oven temperature was set at 308C. Photometric detection using DAD detector was recorded between 190 and 400 nm with the spectral resolution of 2 nm and integration period of 0.4 s per spectrum. Extraction and clean-up steps were performed using a Visiprep TM SPE manifold (Supelco, USA) connected to a vacuum mini pump (Aldrich, France), using the two above-mentioned cartridges.
HPLC-DAD data exported as Microsoft Excel file format by using Chemstation software Version B.03.01. Routines for MCR-ALS were available at (http://www.ub.edu/mcr/welcome. htm) and all algorithms were written in MATLAB (version 7.2.0.232 R2006a, The Mathworks, Natick, MA, USA).
Environmental samples
Ground water samples were taken from a well (with nearly 200 m depth) located in a suburb of Tehran. River water samples were taken from Kan River in the west of Tehran. Before analysis, the samples were vacuum-filtered through a 1 mm micro-fiber glass filter and then were acidified with hydrochloric acid (pH ¼ 3) and finally were kept at 48C in a refrigerator.
Calibration and validation samples
Calibration samples were prepared by spiking appropriate aliquots of the standard solutions of each analyte into 300 mL ultrapure water to obtain concentration values of 0.5, 2, 10, 20, 50 and 200 mg/L. Ground water samples were spiked with PSE and MET at three different concentration values of 2, 5 and 20 mg/L. In this part, the external calibration strategy was applied in order to obtain the recovery values. For the river water samples, two aliquots of each sample was spiked at 2 and 5 mg/L for each analyte, then a standard addition strategy was applied with added concentrations from 3 to 18 mgL. In each case, the sample preparation was done in replicate. To ensure that the analytes were actually absent in the real samples, a triplicate analysis of original ground water and river water samples was done accordingly. All samples were shaken vigorously after being spiked to ensure homogenization and were subjected to the following procedure.
SPE procedure
At first, the samples were filtered through a Nylon membrane filter (0.45 mm) to remove any suspended particulate matter. For Bond Elut-ENV, 500 mg sorbent bed was tested with three sample pH values (3, 8.5 and 12) and two salt content levels (0 and 10%). Before extraction, the cartridges were conditioned by passing a gentle flow of 5 mL ethyl acetate followed by 5 mL of acetone and then the same volume of HPLC water. Next, 100 mL of aqueous sample was passed through the cartridge, at the constant rate of 6 mL/min. The sorbent was cleaned up by passing 5 mL of alkaline water and then was dried under vacuum for 5 min. Desorption step was carried out by eluting the sorbent with 2 mL of ethyl acetate and 8 mL of acetone. The extracted sample was dried under a gentle stream of nitrogen and redissolved in 0.5 mL of mobile phase before HPLC analysis. For Finisterre SCX, 500 mg sorbent bed was tested for four sample pH values of 3, 4, 5 and 6 taking into consideration the alkaline properties of analytes and cation exchange property of the sorbent. The pH adjustment was done using either HCl or ammonia solutions. For this cartridge, conditioning was performed by passing 3 mL of methanol and then 3 mL of ultrapure water with the desired pH value. Aqueous samples were passed through at a flow rate of 6 mL/min and then sorbent was dried by a continuous nitrogen stream for a minimum of 15 min. Then the analytes were eluted with 6 mL of ammoniated methanol (1.5%) and then dried under a gentle stream of nitrogen and re-dissolved in 0.5 mL of mobile phase.
Results

General considerations
With the aim of obtaining a chromatographic run with high resolution and short analysis time with good peak shapes, a variety of columns and elution programs were tested. As a result, an isocratic elution consisting of acetonitrile (35%, v/v) and 0.025 mol/L phosphate buffer ( pH ¼ 7.5) solution (65%, v/v) on a Bonus-RP column, showed the best practically available performance. Under this operational condition, the total run time was 3 min. Figure 1 shows the obtained chromatogram at 210 nm, corresponding to a standard mixture of PSE and MET at 20 mg/L. Also, extraction efficiency of two sorbents (Bond Elut-ENV and Finisterre SCX) in different sample pH values was studied, in order to achieve the best SPE proficiency. For the extraction procedure in acidic solution through Bond Elut-ENV, PSE was practically not extracted and a recovery value of ,20% was obtained for MET. On the other hand, in pH values of 8.5 and 12, the recovery values were 59.8 and 53.1% for PSE and 47.9 and 37.7% for MET, respectively. These results as well as the alkaline properties of the analytes, showed that a more polar sorbent might yield higher recovery values. So, in the next step, Finisterre SCX, as a strong cation-exchanger sorbent was used and the recoveries were much improved. The extraction procedure with this cartridge was performed at different pH values. The maximum recoveries for both the analytes were obtained at pH ¼ 4. So, the sample pH was adjusted to this value prior to SPE on Finisterre SCX cartridge and then, breakthrough curves of the analytes on this SPE cartridge were developed. There are few approaches to produce breakthrough curves but two of them are more frequently utilized: (i) variation in sample volume while the total amount of analyte is kept constant and (ii) variation in sample volume while the analyte concentration remains constant (40) . Between these two approaches, the latter shows better applicability for the analyses of environmental samples, because it directly shows the ability of the method to obtain better sensitivity by increasing the extraction volume of the sample. In this case, different volumes of Milli-Q water samples (between 50 and 500 mL), spiked at 5 mg L 21 by each analyte, were prepared and passed through the cartridge under the previously specified conditions. The peak areas obtained at 210 nm were plotted against the volume of the samples and demonstrated a linear response over the volume increment range until 500 mL. Thus, to compromise between reasonable sensitivity and extraction time, 300 mL was selected as an optimum sample volume for the rest of the study.
Quantification of PSE and MET in ground water and river water using univariate and multivariate strategies First, the procedure was validated by using univariate methodology based on peak areas. The univariate analytical figures of merit, resulted from implementing optimized extraction and chromatography procedures on spiked pure water, are summarized in Table I . Calibration curves were obtained with six standards covering the predetermined range (0.5 -200 mg/L) and each point in three replicates (r 2 . 0.994). To confirm the linearity in the mentioned concentration range, a lack of fit test was used (Statgraphics Centurion XVI, V 16.1.11) which compared the variance corresponding to the regression residuals with the mean variance of the replicates of the calibration points. The lack-of-fits in the ANOVA tables showed the P-values .0.05 and so the linear models were confirmed for both calibration curves (at 95% confidence limit). The repeatability was tested at an intermediate concentration level (n ¼ 4) with relative standard deviation (RSD) values ,7.6%.
The optimized SPE procedure was first applied on quantification of PSE and MET in ground water samples. So, water samples were spiked with 2, 5 and 20 mg/L of each analytes. The existence of any interference component in the retention time region of each analyte was checked with PCA. The chromatograms of both analytes were pure, so the univarite strategy using peak areas at 210 nm was considered for quantification through external calibration curves. Table II shows the average recovery values for two analytes at three mentioned concentration levels. Figure 2 shows three-dimensional plot of the chromatographic run recorded at multiple wavelengths, corresponding to an extracted river water sample spiked at 2 mg/L of each analyte. Each injection in the specified elution program and spectral detection in the 200 -400 nm (with spectral resolution of 2 nm) produced a data matrix containing 450 rows (according to 0 and 3 min) and 101 columns (number of wavelengths). The obtained chromatographic matrix from each run was divided into two regions of r-1 and r-2 which contained the analytes PSE (1.6 -2 min) and MET (2 -2.5 min), respectively. The main advantage of breaking up the chromatographic data was that implementation of modeling methods was easier for the partitioned data set. Also, in the present work, it was necessary to analyze individual analytes in sub-matrices, because strong spectral overlapping between two analytes might be the source of problems in the resolution process with MCR/ALS. The estimated elution profiles of the components eluted in region r-1 (PSE together with a background signal and an interference) in spiked river water (r-s1, 2 mg/L) and a standard addition matrix (added value of 18 mg/L) together with recovered spectral profiles are shown in Figures 3 and 4 . Table III contains 
Discussion
As stated earlier, PSE and MET can be quantitatively determined in ground water samples using univariate calibration, because no overlapping matrix component existed in the chromatograms of such samples. So, in order to investigate the effect of probable interferences, a sample from more complex matrix, such as river water, was analyzed accordingly. As sample preparation step using SPE is not necessarily selective for analytes of interest, other matrix constituents may also be co-extracted. Appearance of unexpected components in the retention time region of analytes can be statistically checked by comparing univariate calibration curve ( prepared in pure water) and the curve obtained by spiking different concentration levels of analytes into the real sample. In the case of the present study, the matrix effect for SPE pre-concentrated river water samples was observed and statistically confirmed (P-values ,0.05) in regions r-1 and r-2. The number of components was obtained through singular value decomposition. In addition, the scatter plot (PC2 -PC1) clearly showed the existence of a co-eluting component with PSE and MET in addition to a background offset. In fact, by utilization of "the second-order advantage" through application of secondorder modeling methods, there was no need to extend and re-optimize the chromatographic elution program for canceling the effect of matrix components on the separation quality. So, a short run time and consequently low solvent consumption can be preserved. Among different second-order strategies, MCR-ALS (32, 33) combined with standard addition methodology was selected to tackle the problem, because of proper accounting the lack of reproducibility in elution time of components (and so breaking trilinearity). Therefore, for handling the data sets using MCR/ALS, the matrix augmentation was performed in retention time direction. One of the most important features of the present data analysis is the fact that background signal can be considered as a separate component during MCR/ALS modeling and there is no need to correct it beforehand. This point was considered as an advantage, because the background estimation and correction steps could be a time consuming process and also might influence the quantitative and qualitative results, if it has not been performed properly. In this analysis, the multivariate algorithm was initialized using spectral estimates obtained from SIMPLISMA (simple interactive self-modeling mixture) method (41) . Finally, the bilinear decomposition of the augmented data matrix D was performed according to the expression:
where the rows of matrix D contained the spectra measured at different retention times, the columns of C contained the elution profiles of components, the column of S contained the related spectra process and E was the matrix of residuals not fitted by the model. The sizes of these matrices for recovering N responsive components (considering the standard addition methodology using I calibration samples in the present study), were D:
Non-negativity and unimodality were applied during ALS optimization process. Iterations were continued until an optimal solution fulfilling the constraints and the established convergence criteria was obtained. River water samples were spiked with 2, 5 and 20 mg/L of PSE and MET. Then, the standard addition strategy was performed by adding 3 -18 mg/L of each standard to 300 mL of river water samples and subjecting all of them to the optimized SPE procedure. For studying the probable presence of the drugs in the river samples, three non-spiked samples together with four standard addition samples were prepared and injected into HPLC-DAD. For the data analysis using MCR-ALS, each data matrix was divided into two regions and each region of the non-spiked matrix was augmented to corresponding four standard addition matrices. To evaluate the repeatability, three replicate analyses of these samples were performed accordingly. At the end, the mean value and standard deviation of the predicted concentrations were calculated.
Figure 3 (a) shows the chromatographic profiles, corresponding to PSE and two matrix components, extracted by MCR-ALS from the unknown sample r-s1. By comparing this figure with Figure 3 (b) , which corresponds to the resolved profiles of a standard addition sample, the ability of MCR-ALS to acceptably extract increasing elution profile of PSE in the presence of nearly constant profiles of the background signal and the interfering component can be revealed. Similar considerations can be made from Figure 4 , in which the resolved spectral profiles extracted by MCR-ALS are presented. After MCR-ALS modeling, the isolated signal which was ascribed to each analyte for each test sample (resolved C) was used for quantitative purposes. Consequently, using the relative peak areas for each analyte corresponding to the studied region, a pseudo-univariate standard addition curve was built for each test sample and the concentration values were predicted through extrapolation. MCR-ALS was also applied to the augmented data matrices formed for the second region (containing MET) of the sample extracts data matrices together with the corresponding standard addition samples. Three components were estimated for both regions of r-1 and r-2. Figure 5 shows the estimated chromatographic profile of MET eluted in region r-2 for the spiked sample r-s1, the presence one interfering compound. Moreover, in order to compare the results of the pre-treated and un-treated data matrices, MCR-ALS analysis was performed on the baseline corrected data matrices and very similar results (statistically confirmed) were obtained for both regions (r-1 and r-2) with two components. This result further proved that MCR-ALS could resolve the background signal, as a systematic part in the modeling process, without requirement to remove it beforehand. On the other hand, high correlation coefficient values between real normalized spectral profiles and estimated ones (.0.997) for both analytes, confirmed the high quality of the resolution process. The successful spectral deconvolution further showed that this algorithm could help the identification of target analytes in a susceptible chromatographic region. Table III shows the quantitative results in the test set of samples. As can be observed, there is a good agreement between the predicted and the nominal concentration values and average recovery values are reasonable for complex samples like the ones analyzed in this work. The calculated RSDs of recovery values were equal to 8.5 and 6.2% for PSE and MET, respectively, which can be considered acceptable regarding the analysis of raw data sets, presence of unexpected components in final sample extracts and trace concentration levels of the analytes in river water samples.
Conclusion
In the present work, both univariate and multivariate (MCR/ALS) strategies were applied in combination with SPE and HPLC-DAD for effective quantification of two drugs of PSE and MET in ground water as well as contaminated river water samples. For the former sample, an external calibration and for the latter, a standard addition methodology was successfully applied. In order to apply multivariate modeling, second-order data matrices with retention time and absorbance wavelength indices were produced by HPLC-DAD. The quantitative results demonstrated that MCR/ALS could be used to resolve coelution problems in chromatographic analysis of PSE and MET, regardless of sample interference and background signal and needless to retention time shift pre-processing steps. Also, the identification of the illicit drugs was possible based on the elution patterns and UV spectra of the resolved analytes. Considering quantitative and qualitative capabilities of the proposed strategy, it could find potential applications in the analysis of pharmaceuticals in water samples with different degrees of complexity.
